ABSTRACT Aims/Introduction: To assess glycated albumin (GA) as a potential glycemic index in managing gestational diabetes mellitus (GDM). Materials and Methods: Eligible pregnant women were divided into the GDM group with abnormal result on a 75-g oral glucose tolerance test (OGTT) and the control (normal) group. GA measurements, Pearson's correlation analysis, multiple logistic regression and receiver operating characteristic curve analysis were obtained at the follow-up examination of participants in the two groups. Results: A total of 2,118 women were assigned to the GDM group (n = 639) and control group (n = 1,479). The mean level of serum GA in GDM group was significantly greater than that in the control group at both 24-28 and 36-38 weeks of gestation (P < 0.05). The area under the receiver operating characteristic curve for GA defining good glycemic control in GDM was 0.874 (95% confidence interval 0.811-0.938). The cut-off point for the GA levels derived from the receiver operating characteristic curve was 11.60%, which had sensitivity and specificity for detecting a poor glycemic status of 75.93% and 86.36%, respectively. The risk of birthweight ≥3,500 g and macrosomia increased significantly with GA levels ≥13.00% at 24-28 weeks and ≥12.00% at 36-38 weeks of gestation. Conclusions: GA might be an appropriate and conveniently measured index that can detect poor glycemic control and predict birthweights in GDM women.
INTRODUCTION
Gestational diabetes mellitus (GDM) is defined as any degree of glucose intolerance with onset or first recognition during pregnancy. Although GDM women have short disease durations, there are important, continuously graded relationships between higher maternal glucose and an increasing frequency of primary adverse outcomes that are independent of other risk factors 1 . Good glycemic control is key to reducing perinatal complications, such as macrosomia and neonatal hyperglycemia [2] [3] [4] . Therefore, markers that more accurately reflect variations in blood glucose levels and mean glycemic status for short-term in GDM women are urgently required.
The current monitoring standards for diabetes involve a combination of a self-monitored blood glucose (SMBG) procedure, continuous glucose monitoring, and glycated hemoglobin A1c (HbA1c) measurement. The values of the SMBG only reflect instantaneous blood glucose, which is susceptible to factors such as diet and emotion. Several studies have reported that neither SMBG testing nor the frequency of testing was associated with a glycemic benefit in type 2 diabetes patients regardless of treatment 5, 6 . Furthermore, the pain and inconvenience of collecting blood from a finger results in poor compliance with the SMBG. Continuous glucose monitoring, while reflecting the glycemic level in the preceding 3 days, is limited in application because of the complicated set-up and high cost.
Although HbA1c provides a reliable assessment of chronic glycemic levels that are intimately related to the risk of diabetic complications, it could be a flawed indicator of blood glucose control in a short-term period 7, 8 , and be not appropriate during pregnancy.
Increasing attention has been focused on the use of glycated albumin (GA) as a parameter of the short-term glycemic status. GA is the product of non-enzymatic glycosylation of plasma albumin. Because albumin has a relatively short half-life (approximately 12-19 days) in the human body, GA measurement reflects the blood glucose levels of diabetic patients in the preceding 2-3 weeks 9, 10 . Previous studies have shown that this measurement has a higher sensitivity to glycemic fluctuations than HbAlc 11 , and provides useful information in evaluating blood glucose control in diabetic patients 7, 8, 12 . A study by Pan et al. 13 showed that compared with HbA1c, GA is more closely correlated with fasting and postprandial glucose, regardless of insulin resistance and blood pressure, and might be a better monitoring index in women with GDM. Thus, GA is likely a more appropriate index for evaluating blood glucose in GDM women.
In the present study, we aimed to assess the clinical utility of GA in the management of GDM by monitoring the GA levels at 12-16, 24-28 and 36-38 weeks of gestation, and evaluating the association between glycemic control and birthweight with glycated albumin in Chinese women with GDM.
MATERIALS AND METHODS

Study Population
The present study was carried out prospectively. Pregnant women were invited to participate in the study if they were between 12 weeks 0 days and 16 weeks 0 days of gestation, and presented for antenatal care and delivery at Shanghai Jiao Tong University Affiliated Sixth People's Hospital, Shanghai, China, between December 2010 and February 2014. Women were excluded if they had pre-existing diabetes and other endocrine diseases (e.g., hyperthyroidism, hypothyroidism and Cushing's syndrome), prior gestational diabetes, a history of stillbirth, in vitro fertilization, multiple pregnancy, asthma, or a history of chronic hypertension, cardiovascular disease, hematological disease, renal disease, cirrhosis or peritoneal dialysis, if they were taking corticosteroids, if there was a known fetal anomaly, or if an imminent or preterm delivery was likely because of maternal disease or fetal conditions. All participants provided written informed consent before being enrolled in the study. This research was ethically approved by the local research ethics committee in the Shanghai Jiao Tong University Affiliated Sixth People's Hospital, Shanghai. At the first prenatal visit, the patient's GA levels were measured to establish a hospital record in the clinic at 12-16 weeks of gestation. At 24-28 weeks of gestation, a 50-g glucose challenge test (GCT) or a 75-g oral glucose-tolerance test (OGTT) was carried out, and the GA levels were determined. At 36-38 weeks of gestation, the GA levels were measured. Other relevant data were also collected, recorded, organized and analyzed.
The following diagnostic criteria were used: (i) pregestational diabetes mellitus was defined as fasting plasma glucose (FPG) ≥7.0 mmol/L, HbA1c ≥6.5% or random plasma glucose ≥11.1 mmol/L at the first perinatal visit, and women meeting the aforementioned criteria were excluded from the study; and (ii) participants with FPG <7.0 mmol/L underwent a GCT at 24-28 weeks of gestation. Women with capillary-blood glucose levels ≥7.2 mmol/L after a 1-h 50-g glucose challenge underwent a 75-g OGTT within a week, after an 8-12-h overnight fast. Using the 2010 International Association of Diabetes and Pregnancy Study Groups criteria 14 , GDM was diagnosed when one or more of the following conditions equalled or exceeded the established thresholds on a 75-g OGTT: FPG 5.1 mmol/L; 1-h plasma glucose 10.0 mmol/L; and 2-h plasma glucose 8.5 mmol/L. If all OGTT values were less than the aforementioned thresholds, the participant was defined as normal.
The participants were divided into two groups (the normal group as the control group and the GDM group), according to the OGTT results. GDM women were divided into the following three categories based on the results of the OGTT: (i) the GDM1 group consisted of participants who equalled or exceeded one of the three thresholds; (ii) the GDM2 group consisted of participant who equalled or exceeded two thresholds; and (iii) the GDM3 group consisted of participant who met all three conditions. GDM women received ongoing care by the attending obstetrical team with a physician's support and the following interventions were given. Individualized dietary advice would be provided by the qualified dietitian based on the pre-pregnancy weight, activity level, dietary intake and weight gain during pregnancy. The participant were given instructions on how to monitor blood glucose with the portable, memory-based reflectance meter, and the participant were also requested to test the blood glucose four times daily (fasting, and 2-h postprandial measurements) until the glucose levels fell into the recommended range. For women with abnormal plasma glucose levels after 2 weeks of the aforementioned interventions, insulin would be prescribed.
According to the clinical practice recommendations proposed by the American Diabetes Association 15 , the targets for glycemic control of gestational hyperglycemia are as follows: FPG ≤5.3 mmol/L, and 2-h postprandial blood glucose ≤6.7 mmol/L. Good glycemic control was defined as equal to and more than 60% of daily SMBG meeting the targets, without hunger or ketosis. Poor glycemic control was defined as less than 60% of daily SMBG meeting the targets.
Pre-pregnancy weight, weight gain during pregnancy and height were recorded, and the body mass index (BMI) was calculated as the weight (kg) divided by the height (m) squared. Macrosomia was defined as a birthweight over 4,000 g. Kasei Pharma Corp., Tokyo, Japan), and GA analysis was carried out using an automated biochemical instrument (Glamour2000; Molecular Devices, Sunnyvale, CA, USA) with intergroup and intragroup coefficient variations of <3 and 5.1%, respectively, according to the precision test. GA was hydrolyzed to amino acids by an albumin-specific proteinase and was then oxidized by ketoamine oxidase to produce hydrogen peroxide, which was measured quantitatively. The GA value was calculated as the percentage of GA relative to the total albumin, and it was measured using the bromocresol purple method on the same serum sample 16 . The GA assay was unaffected by the physiological concentrations of ascorbic acid, bilirubin or glucose up to 55 mmol/L. Plasma glucose levels were measured promptly using a glucose oxidase method (Shanghai Kehua Bioengineering, Shanghai, China) on a Glamour 2000 autoanalyzer.
Statistical Analysis
All analyses were carried out using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). Enumeration data that were normally distributed were compared with the v2-test and exact probability test. Measurement data for the normal distributions are presented as the mean -standard deviation. The means of two groups were compared by t-test, and the means among groups were compared by ANOVA. To examine the correlation between the GA levels and factors throughout pregnancy, Pearson's correlation was used to assess simple correlation, and multiple logistic regression was used to assess multivariable analysis. Non-parametric statistics were used to assess data that were not normally distributed. A receiver operating characteristic (ROC) analysis curve was used to identify the optimal cutoff point (the maximum of the combined sensitivity and specificity) of the GA levels used to diagnose GDM and good glycemic control, and P < 0.05 was determined to be statistically significant. Figure 1 shows the screening, enrolment and follow up of the study participants.
RESULTS
Demographic Data Analysis of Normal Pregnant and GDM Women
The study population consisted of 2,118 pregnant women, with 1,479 in the normal (control) group and 639 in the GDM group. Statistically significant differences between the normal group and the GDM group (P < 0.05) were observed in family history of diabetes mellitus (P < 0.01), pre-pregnancy weight over 90 kg (P = 0.01) and macrosomia delivery history (P < 0.01), whereas there were no significant between-group differences for primiparas, as well as having a history of recurrent spontaneous abortion and stillbirth (P = 0.14, 0.25, 0.37, respectively). Regarding the general clinical data from the two groups, the differences between the pre-pregnancy BMI were statistically significant (P < 0.01), whereas the differences between age and height were not (P = 0.09, 0.14, respectively).
Comparison of the GA Values in the Two Groups, and Analysis of the Correlation Between GA and Other Metabolic Parameters Comparison of the GA Values in the Two Groups Although no significant between-group differences were observed for the GA levels taken at 12-16 weeks of gestation, the levels were significantly greater in the GDM group than in the normal group at 24-28 weeks of gestation and 36-38 weeks of gestation (P < 0.05). The GA levels gradually decreased as pregnancy progressed in both groups, as shown in Table 1 .
Analyses of the Correlations Between the GA Levels and Other Parameters in the GDM Group
The GA values in different GDM groups were compared, and the results were summarized in Figure 2a There was a positive correlation between the GA values at 36-38 weeks of gestation and FPG, poor glycemic control, and birth weight (r = 0.297, P < 0.001; r = 0.361, P < 0.001; and r = 0.426, P < 0.001, respectively). Using the GA levels at different weeks of gestation as dependent variables and age, parity, pre-pregnancy BMI, weight gain during pregnancy, abnormal results of the OGTT, glycemic control status, and birth weight as independent variables, multiple linear regression analysis was carried out. These data suggest that pre-pregnancy BMI (b = -0.363, P < 0.001) and abnormal results in an OGTT (b = 0.265, P = 0.019) were the main factors influencing the GA levels at 24-28 weeks of gestation, and poor glycemic control was the main influential factor for the GA levels at 36-38 weeks of gestation (b = 1.062, P < 0.001), as shown in Table 2 .
Clinical Use of GA in Evaluating Glycemic Control in GDM For a variety of reasons, some GDM patients and their healthcare providers do not achieve the desired treatment goals. Using the cut-off point derived from the ROC analysis of GA for glycemic control, the numbers of GDM women with good and poor glycemic control were 444 and 195, respectively. The area under the ROC curve for GA defining good glycemic control in GDM was 0.874 (95% confidence interval 0.811-0.938, The status of the glycemic control in GDM patients at 36-38 weeks: good and poor glycemic control. A P-value of <0.05 is considered to be statistically significant. *P < 0.05; **P < 0.01; ***P < 0.001. GDM1, participants with one abnormal oral glucosetolerance test value; GDM2, participants with two abnormal oral glucose-tolerance test value values; GDM3, participants with three abnormal oral glucose-tolerance test values. W, weeks of gestation. standard error 0.031, P < 0.001). At GA ≥11.60%, the cut-off point for poor glycemic control, the sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio, and negative likelihood ratio were 75.93%, 86.36%, 82%, 81.43%, 5.57, and 0.28, respectively. These results are shown in Figure 3 .
Correlation Between Birthweight and the GA Levels at 24-28 Weeks and 36-38 Weeks of Gestation Association Between the GA Levels and Birthweight According to the aforementioned analysis, there was a positive correlation between the GA levels (during 24-28 weeks and 36-38 weeks of gestation) and birthweight. The neonatal birthweights were divided into the following four groups: (i) <3,000 g; (ii) 3,000-3,499 g; (iii) 3,500-3,999 g; and (iv) ≥4,000 g. The neonatal birthweight increased along with elevated GA levels at 24-28 weeks and 36-38 weeks of gestation ( Table 3) .
Association of the GA Levels with Birthweight ≥3,500 g and Macrosomia at 24-28 Weeks of Gestation To further explore the association between the GA levels at 24-28 weeks of gestation with birthweight, we divided the neonates into two groups based on their birthweights, birthweight ≥3,500 g and birthweight <3,500 g; then, we classified the GA levels into the following six grades: 0 (<11.0%), 1 (11.0-11.9%), 2 (12.0-12.9%), 3 (13.0-13.9%), 4 (14.0-14.9%) and 5 (≥15%).
With the minimum GA level (0: <11.0%) of the pregnant women as the exposure level, we calculated the odds ratio (OR) of the GA levels in each grade (Table 4) . We found that the ORs for GA grades ≥13.0% (grades 3, 4 and 5) were 2.614, 4.182 and 4.530 (P < 0.05), respectively, which showed that the risk of a birthweight ≥3,500 g was elevated markedly in GDM women with GA levels ≥13.0% at 24-28 weeks of gestation (Table 4) . Similarly, the ORs for GA grades ≥14% (grades 4 and 5) were 15.56 and 40.00, respectively, both of which were risk factors of macrosomia (P < 0.05), showing that the risk of macrosomia was increased in GDM women with GA levels ≥14% at 24-28 weeks of gestation.
Association Between the GA Levels at 36-38 Weeks of Gestation and Macrosomia
Using the same method, the GA levels were also distributed into five grades, 0 (<11.0%), 1 (11.0-11.9%), 2 (12.0-12.9%), 3 (13.0-13.9%) and 4 (≥14.0%), to analyze the association between the GA levels at 36-38 weeks of gestation and macrosomia. With the lowest GA level of the pregnant women as the exposure level, the OR for the GA at each grade was calculated. We found that the ORs for the GA grades ≥12.0% (grades 2, 3 and 4) were 10.941, 41.333 and 62.000 (P = 0.033, 0.003 and 0.009, respectively); thus, the risk of the incidence of macrosomia increased in GDM women with GA levels ≥12.0%.
DISCUSSION
The present retrospective analysis of prospectively collected data has shown that the GA levels were significantly higher after b, Non-standardized coefficients; BMI, body mass index; OGTT, oral glucose tolerance test; GA, glycated albumin. P-value <0.05 is considered to be statistically significant. 24 weeks of gestation in the GDM women compared with controls. Furthermore, we found that abnormal OGTT results were the main factors influencing the GA levels in the second trimester, and two or three of the abnormal OGTT results had a high, positive correlation with the GA levels. We also observed that elevated GA levels had a positive association with the incidence of babies with birthweights ≥3,500 g, and macrosomia in GDM women with poor glycemic control. Additionally, we found that the GA levels decreased as pregnancy progressed with or without GDM, although the decrease from 24-28 weeks to 36-38 weeks of gestation was relatively small, whereas pre-pregnancy BMI was an important, influential factor in the GA levels in both groups. These results show that the GA levels could directly reflect the severity of glucose tolerance impairment for GDM women, and could be a useful marker for monitoring short-term glycemic status. However, these suggest that BMI and gestational age should be considered as the complicating factors when we assessed the validity of GA in controlling for GDM. There was little information on the GA value for glycemic control in pregnant women with GDM. The present study further identified the value of a GA ≥11.60% level, which was derived from the ROC curve, as the cut-off point for identifying poor glycemic control in GDM women, and provided the optimal sensitivity (75.93%) and specificity (86.36%). Meanwhile, the present study also found that in GDM women, the risks of birthweight ≥3,500 g and macrosomia increased significantly with GA levels ≥13.0 and ≥14.0%, respectively, during 24-28 weeks of gestation. Furthermore, the incidence of macrosomia in GDM women with GA levels ≥12.0% was increased at 36-38 weeks of gestation. It could also have an impact on screening and detecting birthweight ≥3,500 g and macrosomia.
The present study had some limitations. This was a retrospective study. In addition, the GA levels were determined at just 12-16 weeks, 24-28 weeks and 36-38 weeks of gestation. Our observations will need to be confirmed in a large-scale prospective multicenter study in different gestational periods. However, various conditions, such as chronic hypertension, thyroid disorders, and hepatic and renal disease, could affect the turnover of serum albumin, leading to anomalous measurements of GA levels. Individuals with these disorders were excluded from the present study, and further work will be required to determine whether these conditions affect GA levels. Caution is therefore advised in interpreting GA measurements in patients with such disorders.
Hiramatsu et al. 17 showed similar changes of GA levels, which gradually decreased as pregnancy progressed toward the third trimester, in healthy pregnant women. One of the reasons why GA decreases from early to late pregnancy is considered to be the decrease in plasma glucose levels. Yi et al.
18 also found that the GA reduction continued as pregnancy progressed in both normal and GDM pregnant women.
Research worldwide has documented that BMI negatively influences GA levels. One study showed that GA levels decreased with increasing BMI in 2,563 subjects with normal glucose tolerance 19 . These findings were also confirmed in type 2 diabetes patients 7 and obese children without diabetes 20 . The underlying mechanism of the decreased GA levels and BMI elevations might be that obese individuals have shorterlived albumin and are in a state of chronic inflammation 21 . Recent several studies have identified that, in the intensive treatment of diabetes, changes in serum GA levels are closely associated with HbA1c, and fasting and postprandial blood glucose 22 . The result of a survey of endocrinologists provides an , and for healthy Americans, as proposed by Kohzuma et al. 26 , the range is 11.9-15.8%.
Fewer studies have evaluated the normal range of GA levels during pregnancy. Hiramatsu et al. 17 studied 574 normal Japanese pregnant women and proposed that the reference interval for GA in normal pregnant women was 11.5-15.7%. In our previous study, 1,046 healthy pregnant women were selected, and the reference intervals of the GA levels were determined to be 9.20-14.60% throughout pregnancy, 10.20-15.18% at 12-16 weeks, 9.70-13.98% at 24-28 weeks and 8.70-13.20% at 36-38 weeks of gestation, respectively 27 . Few studies have assessed the validity of GA in GDM management. The primary utility of the GA cut-off level of 11.60% is to detect approximately 80% of subjects with poor glycemic control, to positively affect GDM management largely and to permit the early identification of subjects who are at imminent risk of disease development, and who can then be referred for further evaluation and appropriate management. In addition, GA use could be more sensitive to short-term glycemic variations than HbA1c
28
, and also relegate SMBG testing. Thereby, increasing compliance and improving GDM women empowerment, which might result in significant healthcare cost savings.
In clinical practice, birthweight ≥3,500 g predicts an increased risk of a difficult vaginal delivery, and macrosomia is the strongest risk factor for maternal/fetal birth injuries 1, [29] [30] [31] and increases the risk of obesity 32 , and cardiovascular diseases in the offspring. No single measure was clearly superior in predicting macrosomia. When the GA measures were analyzed as continuous variables, GA levels ≥12.0% at 36-38 weeks of gestation were highly predictive of macrosomia.
In summary, GDM women had greater GA levels than normal pregnant women. There was a strongly positive correlation between the GA levels and blood glucose, and the severity of GDM. GA can be used to assess glycemic control in GDM women during the third trimester of pregnancy. We recommend a GA level ≥11.60% as the cut-off point for poor glycemic control in GDM. The regular monitoring of GA of these women (once/3-4 weeks) helps to reduce the frequency of SMBG, thereby to lower healthcare costs, and increase patient compliance. In addition, in GDM women, the risk of macrosomia significantly increases when the GA levels are ≥12.0% in the third trimester. In conclusion, the results reported in the present study provide strong support for the use of GA measurements, as a complement to finger stick glucose, for assessing short-term glycemic control and predicting large birthweight in the Chinese GDM women.
